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J. Bruns e~. el., previously I have brought to your a~tention my concerns
.about chromium VI being under-regulated by the US
ug/L. Attached is a recent report on this issue. This report [s serving as
basis for a paper that I have been asked to prepare fo~ the SETAC newsletter.
If you have questions or comments on this reporK, please bring them to my
attention. ~red

Under-Regulation of Chromium in Ambient waters
G. Fred Lee and Anne Jones-Lee
G. Fred Lee & Associates

February 1998

The typical water pollution control regulatory approach used for chromium
(Cr) is to limit discharges of Cr VI’ from NPD~S permitted sources so the
ambient waters receiving the discharge do not have a total Cr VI concentration
above the ~S EPA chronic water quality criterion/s~a~’e standard of I0 ~g/L.
This value was established as part of the US EPA (1995) National Toxics Rule.
It is gene~ally assumed that meeting the US EPA (1987) water quality
crlte~on/scate standard for Cr VI will be protective of aquatic, life in the
receiving waters from Cr toxicity. The US EPA {1985) aquatic life water
quality criterion for Cr I~Z ~s ~20 ~g/L for water with a hardness of 50 mg/L
CaCOS. The US EPA drinking water MCL for Cr II~ o£ 50 ~g/L in the ambient
waters receiving the discharge w~ll be protective of drinking water supplies
and aquatic life from toxicity due to Cr iII. I~ is general~y asstlmed that
meeting the drinking water MCL for Cr Ill in ambient waters should be
pro~c~iue of domestic water supplies and aquatic lif~ toxicity. The above
general assumptions are valid under conditions where the ambien~ wa~ers
contain low Cr V~ and provide rapid dilution of the NPDES-permi~ted discharges
of Cr. There are, however, conditions, associated with low flow receiving
waters [effluent dominated systems) where the assumptions of meeting Cr V~
aquatic llfe water quality criteria/standards and Cr III drinklng water MCL
wil! not be protective of zooplankton for Cr vl aquatic life toxicity. Many
effluent-dominated systems are classified for full aquatic life beneficial
uses and therefore have to meet the same water quality criteria/standards as
those systems that have large amounts of dilution available to dissipat~ the
potential toxic effects o£ Cr vI. There can also be conditions where Cr III
has accumulated in sediments to a sufficient eKcent so ~hat when the sediments
are exposed to oxidizing conditions, there can be sufficient conversion o£ Cr
ZlI to Cr VI to lead ~o aquatic life toxicity.

Cr V~ Toxicity
A review of ~he Cr vI aquatic life toxicity literature shows that there is

substantial evidence that Cr VI is toxic to zooplankton (daphnla species) at
concentrations of a factor of i0 or less than ~he US E~A water quality
crit®rlon of i0 ~g/L. The US EPA 198"~ "Gold Book" criterion support document
(US EPA, 1985) presents information tha~ Cr v[ is toxic to daphnla at
concentrations less then 2 ~g/L. There was insufficien~ information to
establish the toxicity level. Environment .Canada (1995) presents a review o£
Cr toxicl~y ~nd concludes Cr V~ can be ~oxic to seueral forms of zooplankton
at less than 0.5 Ug/L. Th~ US EPA (~996) updated water quality criterion
presents information ~hat shews that Cr VI is toxic to several nooplankton a~
about I ~g/L. The US EPA, in establishing the water quality criterion
developmen~ approach, as implemented today, does not proteo~ all forms of
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aquatic lifo from adverse impacts asuocia~ed with mectinq ~hc criterion value.
In. the case of Cr VI, there is sub~tantlal evidence in the lite~ut~,re that
V[ is toxlc to sev~ral common forms of zooplankton that are typically
con:~idered important species a~ ¢onuen~ra~ions of a factor of 10 o~ so less
than ~he chronic criterion value. Therefore, the typical assumptions
meehing the ambient water quality chronic c:iterion for Cr VI of I0 ~g/L
be protective o~ zooplankton and ££sh pop~lat~ons that depend o~% the
zooplankton as food can be und~r- protective of aquatlG life resources in
waterbody.

In Augus~ "1997 the US EPA Region 9 proposed ~he Callfornla Toxics Rule (CTK)
{US EPA 1997) for establishing water quality criteria fo~ ~ox!c constituents
that are to be used by California as the state’s water quality standards
(objectives). The criterion values proposed in the CTR are, i~ general,

hpdaced based on US E~A (1996) reviews from the US EPA (1987) "Gold Book"
values. They are al~o updated from the US EPA (1995) National Toxics ~ule
implementation guidance. The US EPA (1997) promulgated a r%vised Cr ~I
chronic (four-day average) cri~erlon of ii ~g/L. This represents an increase
in the chronic criterion from the US EPA (1996) value of i0 ~g/L to II ug/L.
While based on the way the US EPA water quality criteria are developed they do
not necessarily protect the most sensitive aquatic life, generally, when ~hese
criteria are implemented into s~ato s~andards and N~DES was~ewater discharge
limits, it is assumed by the local regulatory agencies tha~ meeting a
criterion/objective value in ambient waters would be proteh~ive of coma%on
zooplankton such as daphnia species. However, a review of ~he literature on
the toxicity of Cr VI to various daphnia species, including the documents
cited by the ~S EPA in developing the 1987 as well as 1995 water quality Cr
criterion values, that a number of investigators have found that Cr VI is
toxic to several daphnia species ~t less than i ~g/L. Theru£ore, meeting the
US EgA Cr VI chronic crlter~on o~ ii Bg/L proposed for adoption in the State
of California may not protect a number of important zooplankton from chronic
toxicity. S~nce Cr V[ does not enter into preclpi~a~ion, ccmplexatlon,
sorption reactions that tend to detoxify many heavy metals, it may be
concluded that Cr ~I is being under-regulated with respeut to protecting
zooplankton as a source of food for larval fish and other aquatic life.

Whi~e the US E~A claims in its 1997 and 1995 documents that the ii Bg/L
chronic criterion will be pro~ec~ive of fisheries resources, such claims
ignore situations where ambient waters could contain suffiuie~t Cr v~ to be
toxic ¢o zooplankton at less ~han 0.5 ~g/L which arc important sources of
larval fish food. Such toKicity could, therefore, be adverse to fish
populations through impacting larval fish development.

Cr ~I to Cr V~ Conversion
Schroeder and Lee (1975) were among the first ~o demonstrate that Cr ill in

ambient waters can slowly convert to Cr VI. Lee (1996a,b,c) has reviewed the
literature on Cr ~II to Cr VT conversions where it ~s concluded that under
oKic conditions, the thermodynamically stable species of Cr is Cr VI.
Further, Cr III can be converted to Cr VI in oxygen-containing ambient wa~ers,
especially in the presence of a catalyst such as manganese. There are also a
nun~er of reactions that tend to convert Cr VI to Cr II~ in oKic conditions.
including photoreduct!on. While generally, it can be concluded that in most
s£tuations, the rate of conversion o~ Cr I~I £n an ambient water from a
wast.ewater discharge to Cr VI is sufficiently slow so that the dilution of the
discharge with low Cr a~%bient wa~ers allows the Cr VI criterion/standard ~o be
met in the receiving waters, th~r~ can be situations, associated with low
flow, effluent-dominated conditions, where discharging Cr ~II at the drinking
water MCL of 50 ug/L could result in the conversion of sufficient Cr Ill to Cr
vI to be toxic to zooplankton. The issue is not that typically assumed of
conversion of Cr II~ to Cr VI to exceed the ambient water chronic criterion
i0 pg/L, but one of conversion of Cr ~I to Cr V~ where the concentrations of
Cr V~ would be toaic ~o zooplankton which could occur at less than 0.5 ~g/L.

Inadequate Monitoring Programs
One of the major problems in regulating Cr wastewater discharges is ~ha~

rsgulatory agonclas allow dlscha~gers and those conductisg a~ient water
monitoring programs to use analytical methods that measure Cr with a detection
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limit of ~he ambient wa~or chronic Criterion o[ IO p~/L. Obv~uus)y, undeI
those condinions, [~ as no~ possible ~o detect Cr vI ac potentiatly toxic
levels for zooplankton. ’?he analytical m~th~x~s tha~ are used ~r VI should
have reliable detection limits of less than 0.5 ug/L in o~de: ~ use ~ho US
EFA’s chemically-based approach for regulating potenti~ll7 toxic chemicals.

A mot% re!iable, readily Implementable approach tot regulating Cr toxicity in
arabient wa~ers is the effects-based approach where amblent wa~er ~o×icity
zooplankton, such as Coriodophnia dubia, is used ~o de~crmine whether ~he
ambient waters receiving a Cr ~II and/or Cr VI discharqe are ~oxic ~o
zooplanktcr under the standard US EPA test conditions (Lewis at. el. 1994).
Tf toxicity tests are conducted at appropriate locations to address the Cr
to Cr VI conversion in ambient waters conslder&ng the dilution ava£1able in
the receiving waters for a Cr III-Cr VI discharge, then i~ would be possible

"to detect Cr vI toxicity problems arising either directly from the discharge
alone or in combination with background Cr VI as wail as ~hose associated with
Cr III to Cr vI conversions.

The required ar~bient water monitoring program is signlfican~ly different than
those typically permi.t~ed by regulatory agencies which involve a limited
nui&ber, usually one, downstream monitoring station i00 to 200 meters
downstream of the discharge point. Such m~nitoring programs have llmiKed
reliability in detecting Cr III to Cr vl conversion which can be toxic to
zooplankton in effluent-dominated systems.

With respect to using ~he US EPA’s chemlcal!y-based water quality pro~cction
approach, it will be necessary tha~ the analytical me,hods used for Cr Vl have
reliable detection limits of less than 0.5 l~g/L. According to Standard
Methods, APHA at. al (1995), there are severa~ analyKical paocedures that can
be used for measuring Cr v~ at about I ~g/L. These me,hods include ~on
chromatography which has reported to be able to determine Cr vl at a few
tenths of a Dg/L. The frequently used inductively coupled plasma (ICP) me~hod
typically does not have the sensitivity to measure chromi~n at levels tha~ are
potentially toxic ~o aquatic llfe. The ICP standar~ me,hods of 1995 list the
estimated detection limi~ for Cr using ICP as 7D~/L. Therefore, IC£ is not
adequate for measuring Cr in many wastewaters and amb~en~ wa~ers.

Cr III Accumulation in Sediments
~.nother potential problem wi~h allowing Cr IIT discharges to occur at

concentrations up to 50 #g/L is that Cr II~ tends to acckm%ulate in sediments
~hrough sorption and precipitation reactions on particulates. The sediment-
accumulated Cr Ill represents a potential source.of Cr ~ha~ under ceruain oxic
conditions can be converted to Cr V~ and lead to aquatic life toxicity. Of
particular concern is sediment scour during a period of time where ~he
increased flows typically associated with sediment scour are no~ sufficient to
dilute the Cr VI toxicity that would arise from the conversion of Cr III to Cr
VI a~ concentrations of 0.5 ~g/L. The resuspension of Cr Ill in sediments may
also occur due ~o fish and other aquatic life activity in the waterbod7. Carp
and some other fish resuspend sediments through their foraging and
~eproductive activities. This ~ype of situation could resul~ in ~he pre~ence
of the suspension of Cr.~I~ into the wa~ercolumn where i~ could be oxidized to
Cr VI and represent to~icity to zooplankton.

Gunther et el. (1997) have shown ~hat associated wiEh sediment scour
conditions following a long purled of drought in the Sacramento - San Joaquin
River system, there was a readily discernible accumulatio& of Cr in San
Francisco Bay mussels associated with the elevated flows at the end of the
drought. It appears that the Cr If[ that has been accumulating ~n the San
Francisco Bay watershed sediments during the low flow conditions was scoured
and transported into the Bay to a su£flc£ent extent to raise the overall level
of Cr in the Bay waters. This in turn resul~ed in blouptake of ~he Cr by
mussels, The significance o£ the acctumulated Cr in the mussels is unknown
this time. This is an area that needs consideration as par~ of permitting Cr
IZI discharges tha~ lead to sediment accumulation of Cr ~£~ in the receiving
waters. While Cr III in aquatic sediments probably, based on what is known
now, not significantly toxic to aquatic life, the possibility o£ the
conversion of Cr III to Cr vI under conditiol%s o£ sedimen~ suspension, as well
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as ~hc bioaccumula~ion o~ C~, in aquatic life tissue are areas of cow,tern.

Suggested Kegulatory
Wh~t~ ~he water polhlt%on fiuld has been aware that i~ is possible that the

discharge of a form of a chemical constituent could through transformations
lead to greater toxicity in the receiving waters, ~hls type of condition is
largely ignored in the permitting of was~ewater discharges. Current
permitting typically approaches ~he regulation o[ chemluals that can ~ransform
to different chemlca[ forms as though the t~ans~ormations do no~ occur in the
a~ibion~ waters, i.e. are regulated ba~ed on the individual species in the
discharge or ~he concentrations that are present in’the mixing of the
discharge with the ambient waters. Th~ Cr X~[-Cr V~ ~egulatory issues mandate
thaK the aqueous environmental chemistry and toxicology of the discharge to
an%blent waters be reliably considered in issuing the discharge permit. Of
particular importance is the requirement that a substantial monitoring program
be incorporated into the permit for those discharges to effluent dominated
systems where there is inadequate dilution of the receiving waters ~o keep the
to£al Cr VI in t~e receiving waters below the toxic levels of abou~ 0.5 ~g/L.
Under conditions where thcre is the potential for concentrations of Cr VI in
receiving waEers to be above 0.5 ~g/L, the discharger should be required to
conduct comprehensive toxicity testing of these waters using Ceriodaphnia
and/or other Cr ~I sensitive zooplankton to determine if toxicity is present
in these waters due to Cr v£ arising directly from the discharge and/or from
conversion of Cr I~I to Cr vr in the a~ien~ waters. Particular attention
should be given in the monitoring program to low flow conditions where there
is limited dilution as well as those associated with the rising hydrograph
where there could be sediment scour of deposited Cr ZII. The monitoring
program should not be a one-shot operation, bur an onygoing program in which
there is a valid search made for wa~er quality (aquatic life toxicity)
problems associated with discharges of Cr to the watercourses.

Cr Ill is another Cr species that is currently being under-regulated with
respect to its impacts on aquatic ~ife. While the direct toxicity of Cr
to aquatic life is low compared to Cr V£, the fact that Cr VI is a
thermodynamically s~able species in oxygen-containing aquatic systems and that
Cr III has been found by a number of investigators to convert to Cr
especially in the presence of manganese as a catalyst, raises significant
questions about the approach that is frequently used by regulatory agencies of
allowing Cr III to be discharged to surface waters so the concentration of Cr
Ill in ~he receiving waters considering the wastewa~er discharge and upstream
sources does no~ exceed the drinking water MCL of 50 Dg/L. 50 ~g/L o£ Cr
in a waterbody has a significant potential to conver~ ~o Cr V[ ~o a sufficien~
extent to cause toxicity to zooplankton, i.e. about 0.5 Dg/L. The regulation
of Cr ZII dlscharg~s should incorporate the requirement of the discharger
demonstrating on a slte-speclflc basis tha~ the Cr III discharge, coupled with
any upstream sources of Cr will not resul~ in aquatic llfe toxicity in the
ambient waters. The regulatory approach should be based on actual toxicity
measurements a~ appropriate ~ocation$ "downstream" of the discharge.

~other area of potential concern about allowing large amounts of Cr to be
discharged to the environIaent is the accumulation of Cr III through
precipitation and sorption reactions. During periods of elevated flows or
sediment scour the acc,~/~ulated Cr Ill can be suspended in ~he watercolunu%
where ~here is the po~entlal for oxidation of the Cr Ill to Cr vI at
suff{cienK concentrations to be ~oxic to aquatic life. Therefore, ic is
necessary ~o consider ~he possibillty of Cr III causing downstream toxicity
under condiEions of a rising hydrograph as well as through aquatic life
activity in the waterbody under low flow conditions. Lee and Jones-Lee (1997)
have reviewed the regulatory issues associated with CE vl. Additional
information on thes~ issues is available in this review.
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